Medical Oncology (2021) 38:101
https://doi.org/10.1007/512032-021-01553-3

REVIEW ARTICLE q

Check for
updates

Cancer and COVID-19: Why are cancer patients more susceptible
to COVID-19?

Saptarshi Sinha'© - Chanakya Nath Kundu'

Received: 21 June 2021/ Accepted: 20 July 2021
© Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract

The COVID-19 pandemic has engulfed the entire world and has claimed more than 3 million lives worldwide. This viral
disease is caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) and mainly characterized by fever, dry
cough, fatigue, anosmia, anorexia, and dyspnea. The severity of the disease increases with age and presence of comorbidities,
including cancer. Multiple clinical studies have shown that the cancer patients are highly susceptible to the severe form of
the viral disease. In this review article, we have summarized the available scientific literature regarding the molecular links
between COVID-19 and cancer, which make the cancer patients highly susceptible to COVID-19. Few studies have shown
that the angiotensin-converting enzyme 2 (ACE2) receptor, transmembrane protease serine 2 (TMPRSS2), and the immune
response and inflammation establish the interconnection between the two diseases. Additionally, we have also discussed
whether SARS-CoV-2 can contribute to cancer development in COVID-19 patients. A recent study has suggested that SARS-
CoV-2 may create a microenvironment that may support cancer cell proliferation and induce the activation of dormant can-
cer cells (DCCs). In another study, the blood sera of COVID-19 patients were found to activate epithelial-to-mesenchymal
transition (EMT) in cancer cells. Overall, this review article will surely help the scientific community to understand why
the cancer patients are so much prone to COVID-19 and will also motivate the researchers to find new therapeutic strategies
that may save the lives of many COVID-19-infected cancer patients.
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Introduction

Since the end of 2019, mankind is combating a global health
crisis due to the outbreak of COVID-19 disease, which is
caused by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) [1]. It is a single-stranded RNA virus. The
virion is spherical in shape and its surface is covered by
spike-like projections, which give the virus the structure of
a “solar corona” [2]. In December 2019, a number of res-
piratory distress cases were first reported in Wuhan, China
[3]. Since then, COVID-19 has affected multiple countries,
such as India, the United States of America, France, Bra-
zil, Turkey, Russian Federation, the United Kingdom, Italy,
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Argentina, Germany, Spain, and Colombia [4]. On Janu-
ary 31, 2020, COVID-19 was declared by the World Health
Organization (WHO) as a “Public Health Emergency of
International Concern (PHEIC)” [5] and on March 11, 2020,
this disease outbreak was characterized as a “pandemic” [6].
As on June 14, 2021, according to the WHO, the number of
confirmed cases worldwide has exceeded 175 million with
the number of global deaths more than 3.7 million [7].
SARS-CoV-2 is primarily transmitted via direct contact
or through respiratory droplets spread by coughing or sneez-
ing from a COVID-19 patient [8]. SARS-CoV-2 infection
requires a median period of incubation of around 4-5 days
before the disease symptoms start showing up. At the onset
of the sickness, the patients typically experience fever, dry
cough, anosmia, anorexia, and fatigue. With time, they start
to experience dyspnea, arthralgia, headache, diarrhea, nau-
sea, and hemoptysis. A chest CT scan of a COVID-19 patient
showed signs of pneumonia along with other complications,
such as RNAemia, acute cardiac injury, acute respiratory
distress syndrome (ARDS), and secondary infections [9].
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ARDS sets in after 8-9 days from symptom onset and is
characterized by dyspnea and hypoxemia. It may also lead
to respiratory failure. The airways of a COVID-19 patient
get so much damaged that it attracts aggressive inflamma-
tory responses. The immune system enhances the production
of cytokines, resulting in a cytokine storm and sepsis. This
hyper-inflammatory response inflicts serious damage to the
organs, leading to a multi-organ failure [10].

During the ongoing pandemic, the COVID-19 disease has
proved to be detrimental to the health of the cancer patients.
The cancer patients are reported to be highly susceptible to
the severe symptoms of the viral disease. Recently, a study
was performed with 536 non-cancer patients and 105 cancer
patients, who were of same age and infected with COVID-
19. It was observed that the cancer patients showed all the
severe symptoms of COVID-19. The severe symptoms were
mainly observed in the patients suffering from hematologi-
cal, lung, and stage IV cancers. Metastatic cancer patients
infected with COVID-19 exhibited a higher death risk [11].
Another recent study showed that 18 patients, out of 1590
COVID-19 positive cases, had a history of cancer. The most
common type of cancer in this study was found to be lung
cancer. The cancer patients were much older (mean age
63.1 years) than the other patients (mean age 48.7 years).
They deteriorated very fast (median time 13 days) in com-
parison to 43 days in the case of non-cancer patients [12].
Desai et al. showed that there was a 2% prevalence of can-
cer in COVID-19 patients and the cancer patients, who had
a surgery or received chemotherapy in 1-month time, had
a major risk (75%) of developing the severe COVID-19
complications than the non-cancer COVID patients (43%)
[13]. Zhang et al. showed that 15 out of 28 (53.6%) COVID-
19-infected cancer patients developed severe COVID symp-
toms and 8 patients (28.6%) died. The most common type
of cancers in the study were found to be lung, esophageal,
and breast cancers. The cancer patients, who received anti-
cancer treatments within 14 days prior to COVID-19 diagno-
sis, developed the severe clinical symptoms in comparison to
those who did not receive any anti-cancer treatment during
the said period [14]. Mehta et al. carried out another study
with 218 COVID-19-positive cancer patients, of which 61
(28%) patients died due to the COVID-19 infection. Mor-
tality rates were very high in patients suffering from lung
(55%), gastrointestinal [upper GI (38%), pancreatic (67%),
colorectal (38%)], and gynecological (38%) cancers [15].
In a recent study, out of 1524 cancer patients, 228 (14.96%)
patients were reported to suffer from non-small cell lung
cancer (NSCLC). The NSCLC patients, who were older than
60 years of age (4.3%), were found to be more susceptible
to COVID-19 than those aged 60 years or less (1.8%) [16].
Another study showed that the stage IV oral cancer patients,
who received anti-cancer treatments and were infected with
COVID-19, had the worst effects and highest death rate than
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all those patients who did not contract COVID-19 after the
anti-cancer treatments [17]. The above studies conducted
with COVID-19-infected cancer patients clearly showed that
they were more susceptible to COVID-19 and subsequently
developed more severe clinical symptoms and deteriorated
very fast. Hence, it is imperative to understand why the can-
cer patients are so much prone to this deadly viral disease.

In the present review, we have discussed briefly the
molecular links between cancer and COVID-19 and the
clinical symptoms that the cancer patients develop after get-
ting infected with COVID-19 (Fig. 1). We have also talked
about whether SARS-CoV-2 possesses any tumorigenic
activity that can cause cancer in patients after recovery from
COVID-19.

COVID-19 and cancer: Connecting links
between the two diseases

In COVID-19 disease, after entering the human body,
SARS-CoV-2 binds to the angiotensin-converting enzyme
2 (ACE2) receptor present on the surface of the host cells
[18]. ACE2 receptors are present in multiple tissues, includ-
ing cornea, nose, lungs, esophagus, heart, stomach, liver,
ileum, colon, gall bladder, kidney, and testis [19]. The virus
attaches to the ACE2 receptor with the help of the spike
(S) proteins, which are cleaved by host proteases, such as
transmembrane protease serine 2 (TMPRSS?2), cathepsin
L, and furin. Cleavage of the S proteins help in membrane
fusion that results in the release of viral RNA into host cell
cytosol [20-22].

Recently, the importance of ACE2 receptors in the patho-
genicity of the virus was examined by infecting the human
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ACE2-bearing transgenic mice with the virus. The infected
ACE2 mice experienced weight loss and virus replication
in the lungs, along with incidence of interstitial pneumo-
nia and invasion of lymphocytes and macrophages into
the alveolar interstitium, and macrophage build-up in the
alveolar cavities. The bronchial and alveolar epithelial cells
and macrophages showed the presence of the viral antigens.
On the other hand, the wild-type mice did not develop the
viral infection, confirming pathogenicity of the virus in
human ACE2-bearing mice [23]. In a recent study, it has
been observed that the expression of ACE2 in the lungs
increases with age [24]. It has also been noticed that the
older individuals, who are more than 60 years of age, and/or
with a compromised immune system are highly susceptible
to COVID-19 [25]. Since cancer is more common in the
older population [26] and ACE2 expression increases with
increasing age, the cancer patients have a greater chance
of experiencing the severe symptoms when infected with
SARS-CoV-2 [27]. Moreover, ACE2 expression is also
found to be elevated in the lungs of patients who are regular
smokers and those who suffer from smoking-related lung
diseases, including lung cancer [28]. Hence, smokers and the
patients suffering from lung cancer have a higher risk of get-
ting infected with the severe form of the COVID-19 disease.

Another link between COVID-19 and cancer involves
the host protease TMPRSS2, which is required for SARS-
CoV-2 to enter the host cells and release the viral RNA.
This protease is an androgen-regulated gene and found to be
highly upregulated in prostate cancer. The androgen receptor
is present in both lung and prostate cells and thus may have
a crucial role to play in the expression of TMPRSS?2 in the
lung and prostate tissues [29]. A recent study has shown that
when prostate cancer patients were subjected to androgen
deprivation therapy (ADT), there was a significant reduction
in COVID-19 infection in comparison to the patients without
ADT or suffering from other types of cancer [30]. Another
study showed that the prostate cancer patients subjected to
ADT were associated with reduced rates of hospitalization
and need for oxygen supplementation, in comparison to
those treated without ADT [31].

Host immune response in COVID-19
and cancer

It is well known that in comparison to normal and healthy
people, the cancer patients are more susceptible to infec-
tions because their immune system is suppressed due to
the carcinoma and anticancer therapies. Patients, who are
suffering from multiple myeloma, leukemia, lymphoma,
or other hematological cancers; patients, who have under-
gone radiotherapy, chemotherapy, or immunotherapy; and
all those patients, who have recently undergone a bone

marrow or stem cell transplant, will have a greater chance
of getting infected with COVID-19 [32]. Macrophages
are known to play important roles in the inflammatory
responses associated with both cancer and COVID-19.
In COVID-19 disease, it has been observed that the M1
macrophages are activated, which are associated with
macrophage-activating syndrome (MAS), cytokine storm,
lymphopenia, damage of the endothelium, and increase
in intravascular blood coagulation. On the other hand, in
cancer, M2 macrophages are activated that suppress the
immune response and also simultaneously help in tumor
progression. As a result of immunosuppression, the anti-
viral immune response is impaired that makes the cancer
patients more susceptible to viral infections [33].

When SARS-CoV-2 induces acute injury in the lung
tissues, it results in high levels of pyroptosis, which is
an inflammatory, caspase-1-dependent-programmed cell
death. Pyroptosis triggers an inflammatory response and
induces the release of the cytokines IL-1p and IL-18,
which are increased in SARS-CoV-2 infection. During
pyroptosis, certain molecular motifs are released from
the damaged or dying host cells. These are known as the
pathogen-associated molecular patterns (PAMPs) and
damage-associated molecular patterns (DAMPs). The viral
RNA serves as a PAMP, while ATP, host nucleic acid frag-
ments, and oligomers of apoptosis-associated speck-like
protein containing a caspase-recruitment domain (ASC)
are typical examples of DAMPs. These molecular motifs
are detected by neighboring lung epithelial cells, alveolar
macrophages, and vascular endothelial cells, triggering the
generation of chemokines and pro-inflammatory cytokines
[34]. These cytokines initiate an immune response through
the activation of T helper 1 (TH1) cells, which in turn
activates production of more macrophages, monocytes,
and T cells at the site of infection. This results in further
enhancement of the inflammatory response, thereby creat-
ing an inflammatory feedback mechanism. This buildup of
immune cells within the lungs causes a higher production
of pro-inflammatory cytokines, resulting in an overaggres-
sive immune response called “cytokine storm” that can
inflict serious damage to the lungs [10, 35]. Now, in some
types of cancers, the patients are subjected to immuno-
therapies such as chimeric antigen receptor (CAR) T-cell
therapies, and immune checkpoint inhibitors (ICIs). It is
well known that these cancer patients develop an acute
inflammatory condition called the cytokine release syn-
drome. It is a similar clinical condition like the cytokine
storm that is seen in COVID-19 patients. Thus, when the
cancer patients, who are treated with immunotherapies, are
infected with COVID-19, the viral infection can intensify
the cytokine storm in the patients [36]. This will increase
the chances for the cancer patients to develop the severe
clinical symptoms of COVID-19 if the concentration of

@ Springer



101 Page 4 of 7

Medical Oncology (2021) 38:101

the pro-inflammatory cytokines is not controlled during
the course of the disease.

The COVID-19 patients experience the cytokine storm,
which forms an interplay between inflammation and coagu-
lation. During an immune response, the overproduction of
pro-inflammatory cytokines helps in the activation of coagu-
lation and intravascular coagulation pathways, which is a
hallmark of multi-organ injury in sepsis [37]. The inflamma-
tion-induced coagulation is initiated by the tissue factor (TF)
pathway. As a response to pro-inflammatory cytokines, TF
is expressed on both mononuclear cells, such as monocytes
and vascular endothelial cells. It promotes the conversion of
prothrombin to thrombin, which is a central player in blood
coagulation. Thrombin initiates the process of blood clot-
ting through the activation of platelets and conversion of
fibrinogen to fibrin [38]. This promotes the development
of microthrombosis, disseminated intravascular coagulation
(DIC), and multi-organ failure, which are commonly seen
in severe COVID-19 cases [34]. Venous thromboembolic
events (VTEs) have been found to be a common complica-
tion in cancer patients. They are at a higher risk of develop-
ing thrombotic events than a healthy individual. The cancer
cells increase the production of coagulation factors and pro-
inflammatory cytokines. This results in activation of blood
coagulation pathways, which aids in the development of
VTEs. The factors that can elevate the chances for the cancer
patients to suffer thrombotic complications include old age,
immobility, the type and stage of cancer, and chemotherapy
and surgery [36]. In a recent study, venous thromboembo-
lisms were evaluated in COVID-19 patients. The intensive
care unit (ICU) patients showed around 9.3% of sympto-
matic VTEs. The symptoms of VTEs were developed during
the course of the disease and can be used as an indicator for
the severity of COVID-19 [39]. Further clinical studies are
required to prove that VTEs can increase the mortality rates
in cancer patients infected with COVID-19.

Can SARS-CoV-2 cause cancer?

We have discussed before that SARS-CoV-2 causes inflam-
mation like many other oncoviruses. But there is no evidence
whether the virus possesses any tumorigenic activity. When
a host system is infected with an oncovirus, the levels of pro-
inflammatory cytokines (IL-6) are highly elevated, which is
also a common event in COVID-19 disease. In COVID-19
patients, the IL-6 levels are found to be highly upregulated,
which activate the inflammatory signaling pathways, result-
ing in an induction of cytokine storm [40]. This gives an
indication that SARS-CoV-2 may possess cancer-causing
ability. Previously, it was reported that the coronavirus
endoribonuclease Nspl5 interacts with the retinoblastoma
protein, which is a tumor suppressor. As a result of this
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interaction, the retinoblastoma protein is downregulated,
resulting in alteration of gene expression and enhancement
of cell division and growth [41].

SARS-CoV-1 is the predecessor of SARS-CoV-2. SARS-
CoV-1, which caused the SARS disease, was found to inter-
fere with the signaling pathways that play important roles
during carcinogenesis, including MAPK, p53, JAK/STAT,
and EGFR signaling pathways. SARS-CoV-1 was found to
activate p38 MAPK that activates the production of the pro-
inflammatory cytokines. It was also found to interact with
an E3-ubiquitin ligase, RCHY 1. This interaction caused
enhanced degradation of the tumor suppressor protein, p53
[42]. Post-SARS-CoV-1 infection, the EGFR signaling path-
way was found to be highly upregulated, which resulted in an
advanced lung tissue damage and deregulated wound repair
mechanisms. This caused pulmonary fibrosis in the SARS
patients [43]. Since fibrosis has been previously shown to be
a risk factor for carcinogenesis [44], this also indicates that
SARS-CoV-1 infection might possess tumorigenic activ-
ity. Since SARS-CoV-1 and SARS-CoV-2 both belong to
the same family of coronaviruses, it is highly important to
examine whether SARS-CoV-2 can induce carcinogenesis
in COVID-19 patients.

A recent study has suggested that SARS-CoV-2 may
help in the generation of a microenvironment that supports
proliferation of cancer cells and may induce production of
factors that are known to activate the dormant cancer cells
(DCCs). In COVID-19 disease, the host immune system
shows hyperactivation of macrophages, neutrophils and
monocytes, overproduction of pro-inflammatory cytokines,
and lymphopenia. The activated neutrophils produce certain
factors that induce tissue damage. Such factors include the
neutrophil extracellular traps (NETs), which are web-like
structures of DNA and proteins. A recent study showed that
during autopsy of deceased COVID-19 patients, enhanced
infiltration of neutrophils was found in the lungs. Another
study confirmed that NETSs play an important role in induc-
ing immuno-thrombosis in COVID-19 patients. On the other
hand, it has recently been hypothesized that NETs may reac-
tivate DCCs in the COVID-19-induced pro-inflammatory
microenvironment, thereby enhancing the chances for cancer
relapse and metastasis [45]. During severe COVID-19, the
pro-inflammatory cytokines induce the activation of NF-xB
in both immune and non-immune cells. The activated NF-xB
induces the reawakening of dormant breast cancer cells
(DBCCs) by activating the proliferation of the breast cancer
cells and creating a microenvironment favorable for metasta-
sis. Hypoxia is found to be an indicator of poor prognosis in
both cancer and severe COVID-19. In breast cancer, hypoxia
plays an important role in the activation of genes responsible
for dormancy, stemness, epithelial-to-mesenchymal transi-
tion (EMT), and drug resistance and helps in the production
of DBCCs. Hence, we can say that hypoxia in COVID-19
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patients may induce dormancy of cancer cells and also build
up chemoresistance against anti-cancer drugs and therefore
may help in cancer relapse [46].

A recent study showed that the expression of ZEBI and
AXL mRNA levels was found to be upregulated after SARS-
CoV-2 infection in lung cancer cells, resulting in induction
of EMT. They have also reported that complete inhibition
of transcription of the genes, which regulate the functions
of tight junction, takes place after the viral infection. Due
to higher expression of ZEB1 and TGF-f, the functions of
ACE?2 receptor are completely inhibited. All these findings
suggest that SARS-CoV-2 infection clearly induces EMT
and supports cancer relapse and metastasis [47]. Recently, a
group of researchers applied the serum samples of COVID-
19 patients in the cultures of different cancer cells to exam-
ine their proliferation, motility, and gene expression pat-
terns. It was observed that the cancer cells were exhibiting
enhanced motility with loss in intercellular connections and
the gene expression analysis showed higher expression of
ZEBI, SNAIL2, and VIM mRNA levels, all of which indicate
activation of EMT [48].

The above discussions are giving a clear indication that
coronaviruses, including SARS-CoV-1 and SARS-CoV-2,
may possess cancer-causing ability and may promote car-
cinogenesis. Hence, it is important to carry out multiple
research studies to observe whether the coronaviruses have
tumorigenic activity.

Conclusion

In the past 1 year, the COVID-19 pandemic has been wreak-
ing havoc all around the world. It is indeed a sorrowful state
for mankind that we are trying to fight a battle with a deadly
virus without any weapons to kill the menace. In such a
helpless situation, it is very scary to think about the fact that
how the doctors are going to manage the cancer patients if
they are infected with SARS-CoV-2 virus. This pandemic
has affected very badly the healthcare system dealing
with cancer diagnosis and treatment. It has been observed
that the cancer patients are experiencing the severe form
of COVID-19, leading to death of many patients. Symp-
tomatic treatment of the cancer patients, who are affected
with COVID-19, has become more and more difficult with
subsequent increase in the severity of the viral disease. The
molecular links between cancer and COVID-19 have been
found to be ACE2, TMPRSS2, pro-inflammatory cytokines,
and blood coagulation. These links can be targeted to con-
trol the fatal combination of cancer and COVID-19. Some
anticancer drugs are being investigated so that they can be
repurposed to treat COVID-19. But it is imperative to see
that there should be no or minimal drug interactions while
the therapies are designed for the treatment of cancer and

COVID-19. These treatment strategies should be able to
control the severe effects of COVID-19 and also be useful
in the treatment of cancer. The patients, who require antican-
cer treatments, should be screened for COVID-19 infection
before going ahead with the future course of treatments. If
COVID-19 is found to be positive in a cancer patient, then
the immune-suppressive treatments should be avoided or
else the dosages of the treatments can be reduced [49]. It
has been recently advised that radiotherapy can be safely
continued during the pandemic by decreasing the number of
visits to the treatment centers [50]. The oncologists should
carefully plan the routine cancer treatments and follow-up
appointments so that the cancer patients can benefit from the
treatments instead of getting infected by SARS-CoV-2 [51].

It is imperative for the scientific research community to
come forward and carry out further studies that will help
us learn more about the molecular connections between
COVID-19 and cancer, so that the COVID-19-infected can-
cer patients can be treated effectively without any disrup-
tions in cancer care.
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